Abstract Although a variety of biomechanical laboratory investigations and radiological studies have highlighted the potential problems associated with total lumbar disc replacement (TDR), no previous study has performed a systematic clinical failure analysis. The aim of this study was to identify the post-operative pain sources, establish the incidence of post-operative pain patterns and investigate the effect on post-operative outcome with the help of fluoroscopically guided spine infiltrations in patients from an ongoing prospective study with ProDisc II. Patients who reported unsatisfactory results at any of the FU-examinations received fluoroscopically guided spine infiltrations as part of a semi-invasive diagnostic and conservative treatment program. Pain sources were identified in patients with reproducible (C29) significant (50-75%) or highly significant (75-100%) pain relief. Results were correlated with outcome parameters visual analogue scale (VAS), Oswestry disability index (ODI) and the subjective patient satisfaction rate. From a total of 175 operated patients with a mean follow-up (FU) of 29.3 months (range 12.2-74.9 months), n = 342 infiltrations were performed in n = 58 patients (33.1%) overall. Facet joint pain, predominantly at the index level (86.4%), was identified in n = 22 patients (12.6%). The sacroiliac joint was a similarly frequent cause of post-operative pain (n = 21, 12.0%). Pain from both structures influenced all outcome parameters negatively (P \ 0.05). Patients with an early onset of pain (B6 months) were 2-59 higher at risk of developing persisting complaints and unsatisfactory outcome at later FU-stages in comparison to the entire study cohort (P \ 0.05). The level of TDR significantly influenced postoperative outcome. Best results were achieved for the TDRs above the lumbosacral junction at L4/5 (incidence of posterior joint pain 14.8%). Inferior outcome and a significantly higher incidence of posterior joint pain were observed for TDR at L5/S1 (21.6%) and bisegmental TDR at L4/5/S1 (33.3%), respectively. Lumbar facet and/or ISJpain are a frequent and currently underestimated source of post-operative pain and the most common reasons for unsatisfactory results following TDR. Further failureanalysis studies are required and adequate salvage treatment options need to be established with respect to the underlying pathology of post-operative pain. The question as to whether or not TDR will reduce the incidence of posterior joint pain, which has been previously attributed to lumbar fusion procedures, remains unanswered. Additional studies will have to investigate whether TDR compromises the index-segment in an attempt to avoid adjacent segment degeneration.
Introduction
Fusion of lumbar motion segments is often associated with a variety of negative side effects such as persisting postoperative pain from the facet and iliosacral joints (ISJ). These post-operative pain patterns have been linked to increased stress distribution and motion adjacent to the fused segments as well as to pathologically altered lumbar segmental, sagittal and spinopelvic alignment [1, 21, 29, 32, 35, 42, 43, 63] . The reported incidence of symptomatic ''fusion-related'' pain patterns from posterior joint structures ranges from 32 to 61%, and it's clinical relevance has been confirmed in a variety of studies using fluoroscopically guided spine infiltrations [29, 42, 43] .
In an attempt to avoid fusion related negative side effects, total lumbar disc replacement (TDR) has become increasingly popular for the treatment of low back pain (LBP). Hypothetically, lumbar disc arthroplasty should serve to avoid stress to the adjacent segments by maintaining motion. Furthermore, it has been shown that physiological sagittal alignment is maintained following TDR [5, 6, 10, 33, 61] .
However, an increasing number of radiological studies, biomechanical in vitro-and finite-element models (FEM) have recently focussed on the influence of TDR on the lumbar facet joints [16, 17, 22, 24, 27, 41, 47, 51, 55, 62] . The authors reported problems associated with biomechanical alterations such as segmental hyperlordosis, increased segmental instability, increased load on facet joints with abnormal stress distribution patterns as well as subluxation of the facet joints.
To date, no previous clinical study has evaluated the actual incidence of facet joint problems following TDR. Furthermore, despite repeated focus on the lumbar facet joints, no previous study has yet evaluated whether the iliosacral joint is a potential cause of the post-operative pain following TDR.
In this study, an analysis of post-operative pain patterns following TDR with ProDisc II (Synthes, Paoli, USA) was performed in a clinical setting using fluoroscopically guided spine infiltrations to evaluate the source and incidence of complaints arising from posterior joint structures and their influence on clinical outcome.
Materials and methods

Study protocol
From 07/2000 to 11/2006, TDR with ProDisc II was performed mono-, bi-and multi-segmentally in 240 patients. The study design was a prospective, non-randomized study. The minimum FU required for inclusion in this study was 12 months.
This study evaluated the results obtained from fluoroscopically guided spine infiltrations in patients who had been operated on during a 60 month period between July 2000 and July 2005 and complained of post-operative pain. Data from this analysis were then correlated with the postoperative outcome parameters obtained from the ongoing prospective study.
Pre-operative diagnosis and patient selection Pre-operative diagnosis was made on the basis of lumbar X-rays in ap-and lateral-view, functional flexion/extension images and pre-operative MRI-imaging.
Low back pain (LBP) was the predominant and leading complaint in all patients. In cases of accompanying sciatica, the amount of LBP exceeded 80% of overall complaints. All patients were non-responders to an intensive inpatient and outpatient conservative treatment program (C6 months).
Pre-operative diagnosis included lumbar degenerative disc disease (DDD) with (n = 63) and without Modicchanges (n = 50), DDD with accompanying central/mediolateral contained soft-disc-herniation (n = 16) with predominant low back pain and patients with DDD following previous discectomy at the index-level (n = 37). In n = 6 patients, TDR was combined with a lumbar fusion procedure. Another n = 3 patients underwent TDR due to adjacent segment degeneration following a previous 360°-instrumented fusion.
Due to the high rate of patients who failed to distinguish between concordant and non-concordant pain [7] , a high rate of false positive and negative results equally [8] , 100% ''memory pain'' in patients with abnormal psychometric testing [7] as well as a 0.5% infection rate [3, 7] discography was not employed as a diagnostic tool for the diagnosis of symptomatic lumbar degenerative disc disease in this study.
Female patients above the age of 45 and male patients exceeding the age of 55 years received DXA (dual-X-ray)-bone-density-measurements. In accordance with the WHOdefinition of osteopenia, patients with a T-score of B-1.5 were excluded from this study.
The disc spaces were approached through a mini-open laparotomy as described previously [45, 46] and insertion of the implant was performed according to the manufacturers guidelines [2] .
Pre-and post-operative fluoroscopically guided spine infiltrations An overview delineating the timing and indication for all pre-and post-operative infiltrations is provided in Table 1 .
Pre-operative
Pre-operatively, all patients underwent fluoroscopically guided spine infiltrations to rule out any non-discogenic pain sources. As with previously published studies, the clinical examination was considered a useful aid in Eur Spine J (2008) 17: 44-56 45 determining a potential source of pain but was not relied upon for diagnostic purposes [18, 31] . Obligatory injections that were performed in all patients included infiltrations of the facet joints at the affected level, the adjacent levels as well as the iliosacral joints bilaterally.
Patients with a significant (50 to B75%) or highly significant ([75%) and reproducible (C29) pain relief upon infiltration of the facet and/or iliosacral joints which revealed a non-discogenic pain source as the predominant complaint were excluded from artificial disc replacement. Patients with negligible (\25%) or only mild (25 to\50%) pain relief were considered potential candidates for TDR in the absence of other contraindications.
Post-operative
Patients who reported significant complaints and unsatisfactory results at any one of the FU examinations received fluoroscopically guided spine infiltrations. The injections were part of an intensified conservative post-operative treatment program and were also used for diagnostic purposes to confirm the source of post-operative pain. For each set of infiltrations, a patient received a minimum of four injections, which similarly included the facet joints at the index level, the adjacent level, as well as the iliosacral joints. Infiltrations were first performed at the structure, which by clinical observation appeared most likely to be the potential source of pain. In case of ''nonresponders'' with negligible or only mild pain relief (\50%) subsequent infiltrations were performed to investigate other possible pain sources.
Injection technique
All injections were performed in a standardized fashion by trained and experienced members of the clinic's spine unit. Patients were in a prone position on the fluoroscopy table and the skin was prepared in a sterile manner. Any structure to be infiltrated was identified under fluoroscopic imaging. Surface landmarks were marked on the patient's skin. A 22-/25-gauge needle was directed from the surface landmark to the target structure under fluoroscopic guidance.
Infiltrations were performed using a combination of local anesthetic and low-dose corticoid (Scandicain 1 1%; Triamcinolon 1 40 mg) in a 5:1 ml ratio. The applied volume was approx. 1-1.5 ml for a facet joint infiltration and 2-3 ml for an infiltration of the iliosacral joint. All infiltrations were performed as direct joint infiltrations as described previously [18, 19, 29, 31, 42, 43] .
Study documentation
Results from fluoroscopically guided spine infiltrations
Data was recorded and classified according to the origin of pain, intensity of pain relief and the level at which disc replacement was performed. The patients categorized the effect of each infiltration and pain relief into four groups, namely ''highly significant'' (defined as [75% pain relief), ''significant'' (50 to B75% pain relief), ''minor/mild'' (25 to \50% pain relief) or ''insignificant'' (pain relief \25%) according to the subjective relief of their complaint, which was achieved within the first few hours following the injection.
An injection was recorded as ''positive'' for an infiltrated structure if the subjective degree of pain relief was considered ''significant'' or ''highly significant''. A second infiltration of the same structure with significant reproducible pain relief was required in all patients to rule out any false positive findings as previously published for single injections [18] .
For patients who received several sets of infiltrations at different time intervals, an infiltrated structure was recorded only once for final analysis if the following set of infiltrations confirmed the same structure as a source of pain; it was recorded twice if the second set of infiltrations revealed pain from a different origin.
Patients with implant-related complications (e.g. dislocation or subsidence) following TDR were not included in the final analysis. Thus, results from this study refer to patients with a correct implant positioning.
Clinical results
Study documentation was standardized and included visual analogue scale (VAS), the Oswestry disability index (ODI) [20] as well as numerous clinical and radiological parameters. All clinical and radiological data were recorded prospectively. Patients were examined pre-operatively, followed by routine FU examinations 3, 6 and 12 months post-operatively, annually from then. The success of the operation was determined according to the subjective satisfaction rate and categorized into three groups, namely ''highly satisfied'', ''satisfied'' and ''not satisfied''.
Statistical analysis
All data were acquired using Microsoft Excel 2002 (Microsoft Inc., Redmond, WA). Statistical analysis of quantitative data was performed using the paired Student's t-test. Non-parametric data were evaluated by the Chisquare test. Statistical significance was defined and accepted as P \ 0.05.
Results
Study group and sample size
Results from 190 patients were included in this study. In n = 5 patients (2.6%), dislocation or subsidence of the prosthesis which required revision surgery was observed in the early post-operative period. Although two of those patients received fluoroscopically guided spine infiltrations, results from these patients were not included according to the study criteria. Ten patients were lost to FU (5.3%), leaving a final FU rate of 94.6%.
Thus, results from 175 patients were included in this study for final analysis as outlined in Tables 1 and 2 .
Due to significant post-operative pain, n = 58 patients (33.1%) required fluoroscopically guided spine infiltrations at some stage throughout their post-operative course as part Overall, 342 infiltrations were performed (5.9 infiltrations/patient) with bilateral infiltrations of a structure (eg. bilateral facet or iliosacral joint infiltration) being counted as one infiltration. An overview of all infiltrations is outlined in Table 3 .
Specific pain analysis
In n = 17 out of 58 patients (29.3%), the results of the infiltrations were not of diagnostic value due to nonreproducible or insignificant pain relief (\50%). Thus, a positive test result was observed in n = 41 patients, which represents an overall incidence of post-operative posterior joint pain of 23.4%.
Lumbar facet joints
In n = 22 patients, the lumbar facet joints were diagnosed as a symptomatic source of pain (12.6% overall), predominantly located at the index level (n = 19/22; 86.4%).
The majority of all facet joint problems (n = 17/22; 77.3%) occurred at the level L5/S1.
An analysis of results from all monosegmental TDRs revealed an incidence of facet joint problems of 13.3% (n = 15/113 patients) for all TDRs performed at the lumbosacral junction and 11.8% for TDRs performed above the lumbosacral junction (n = 4/34 patients; P [ 0.05).
Iliosacral joints/iliolumbar ligaments
In n = 21/175 patients (12%), the iliosacral joint was diagnosed as a significant cause of post-operative pain. Facet joints L3/4 n = 13 n = 1 n = 1 (0.6%) Facet joints L4/5 n = 51 n = 3 n = 3 (1.7%) Facet joints L5/6 n = 2 n = 1 n = 1 (0.6%) Facet joints L5/S1 n = 90 n = 12 n = 5 n = 17 (9.7%) Facet joints L6/S1 n = 1 ISJ n = 105 n = 15 n = 6 n = 21 (12.0%) ILL n = 15 n = 0 n = 0 n = 0 (0%) Interspinous inf. L3/4 n = 9 n = 1 n = 1 (0.6%) Interspinous inf. L4/5 n = 16 n = 2 n = 1 n = 3 (1.7%) Interspinous inf. L5/S1 n = 10 Epidural infiltration L3/4 n = 3 Epidural infiltration L4/5 n = 10 n = 1 n = 1 (0.6%) Epidural infiltration L5/S1 n = 3 Selective nerve root infiltration L4 n = 2 Selective nerve root infiltration L5 n = 9 n = 1 n = 1 n = 2 (1.1%) Selective nerve root infiltration S1 n = 2 Caudal epidural infiltration Analysis of this subgroup shows that 20/21 disc replacement procedures (95.2%) included the lumbosacral junction. Pain from the iliolumbar ligaments was never confirmed as a significant cause of post-operative pain.
Interspinous pain (''kissing spine'')
A post-operative Baastrup-phenomena (''kissing spine'') was diagnosed with conventional X-rays and shown to be a clinically relevant source of pain with significant pain relief achieved through the use of interspinous infiltrations in n = 3 patients (1.7%).
Various
Post-operative L5-radiculopathy was diagnosed in n = 2 patients following TDR at L5/S1.
Another patient showed signs of spinal claudication following bisegmental TDR at L4/5/S1. Further diagnostics and epidural infiltrations confirmed a clinically relevant narrowing of the spinal canal at the level L4/5. The patient underwent decompressive surgery with a highly satisfactory outcome thereafter.
Clinical impact of post-operative pain patterns
Subjective patient satisfaction
According to the subjective satisfaction rate of patients that reported a ''satisfied'' or ''highly satisfied'' outcome, the success rate was 81.8% at the last FU overall.
This rate dropped to 68.4% for patients with iliosacral joint pain (P \ 0.05) and 38.0% for patients with facet joint pain. No statistically significant differences in the subjective outcome evaluation between patients with ISJ pain and diagnosed pain from the facet joints were detected (P [ 0.05).
VAS, ODI
Both the parameters VAS and ODI deteriorated significantly in patients with confirmed facet and/or ISJ pain in comparison to the entire study cohort and the group of patients who did not require any infiltrations (P \ 0.02; Fig. 1a, b) .
Differences between patients with facet joint pain and those with ISJ pain were not statistically significant (P [ 0.3). However, all outcome parameters were inferior for patients with facet joint complaints. Furthermore, whilst post-operative improvement was still statistically significant for patients with ISJ pain (P \ 0.02), there was either no or only a tendency for improvement in patients with confirmed facet joint pain for VAS and ODI (P = 0.06; P = 0.27).
Correlation between diagnosis of early facet/ISJ pain and final outcome A considerable proportion of all infiltrations were performed in the early post-operative period within the first 3 months (n = 27, 34.6%), 21 of those in the immediate post-operative phase within the first 6 weeks (n = 21; 26.9%). Another seven patients (9.0%) received infiltrations between 3 and 6 months post-operatively.
The earliest positive test result was considered relevant in patients with multiple infiltrations at different time intervals.
In n = 18 out of 34 patients, clinically relevant pain from the facet and/or iliosacral joints was diagnosed within the first 6 months following TDR. Despite improvement at the 6 month-FU, the results deteriorated throughout the subsequent post-operative course (Fig. 2a, b) . At the 24-month FU, the results were significantly inferior in comparison to the entire study cohort for both VAS and ODI (P = 0.02).
Whilst the overall rate of patients with an unsatisfactory post-operative outcome at the last FU-examination was 18.1% in the entire study cohort of 175 patients and only 7% in the cohort of patients who did not receive any infiltrations, this rate increased approx. 2 to 5-fold to 37.5% patients with an early onset and diagnosis of facet and/or ISJ pain (P \ 0.05).
A similar scenario was observed in those patients with an even earlier onset and diagnosis of posterior joint pain in the immediate post-operative period (B6 weeks) with a 40.0% rate of unsatisfied patients at the last FU.
Level of disc replacement
The incidence of post-operative pain from posterior joint structures was diagnosed in n = 30 out of all 147 monosegmental disc replacement procedures (20.4%). This number increased to n = 10 out of 27 bisegmental TDR's (37.0%), respectively.
The most frequently operated levels included the levels L4/5, L5/S1 and bisegmental TDR at L4/5/S1 (Table 2) . Whilst the incidence of posterior joint pain was 14.8% following monosegmental TDR at L4/5, it increased to 21.6% following TDR at L5/S1 and 33.3% after bisegmental TDR at L4/5/S1, respectively. Eighty-eight percent of patients were ''satisfied'' or ''highly satisfied'' following TDR at L4/5. This number decreased to 82.6 and 79.1% for TDR at L5/S1 and L4/5/ S1, respectively.
The same negative trend was observed for post-operative VAS-and ODI-scores with best results being achieved following monosegmental TDR at L4/5.
Reoperations
The overall rate of complications and re-operations from this ongoing prospective study have been published previously [46, 57, 58] . Secondary surgery which was indicated as a direct result from fluoroscopically guided spine infiltrations in this study was performed in 9/175 patients overall (5.1%).
A microsurgical decompression was indicated in two patients due to spinal canal stenosis with signs of spinal claudication in the one and post-operative L5-radiculopathy in the other. 
Influence of Gender
The male:female ratio was 1:1.6 in the entire study cohort of 175 patients (67 m, 108f; Table 2 ). This ratio increased in patients with symptomatic ISJ pain to 1:2.5 (6 m, 15f). For patients with confirmed facet-joint-complaints at the lumbosacral junction, it was 1:3.3 (4 m, 13f).
Due to the low number of patients in our sub-cohorts, statistical testing did not reveal any significant differences between the groups (P = 0.18). 
Discussion
Fusion procedures have been linked to a variety of negative side effects such as adjacent segment degeneration and instability, superior segment facet joint violation, adjacent segment spondylarthrosis with consecutive spinal canal stenosis as well as persisting pain from harvesting of the autologous bone graft [9, 21, 23, 30, 35, 49, 63] . Previous studies have revealed the facet and iliosacral joints to be a source of post-operative pain in a considerable number of patients [29, 42, 43] . Alterations of the segmental, sagittal and spinopelvic alignment as well as increased motion and stress adjacent to fused levels have been held responsible for post-fusion pain patterns [1, 21, 29, 32, 42, 43, 63] .
In an attempt to avoid fusion-related negative side effects, lumbar disc replacement procedures have become increasingly popular and various clinical trials have shown satisfactory results following TDR [4, 11, 15, 26, 34, 38, 46, 48, 57, 58, [66] [67] [68] . One of the primary aims of TDR is to preserve motion and thereby ultimately avoid stress and degeneration of the adjacent segment. Radiographic studies have demonstrated maintained physiological sagittal and spinopelvic alignment following TDR [5, 10, 33, 61] . It has therefore been hypothesized that the above-mentioned fusion-related negative side effects and post-fusion pain patterns could be avoided with TDR. To date, however, this hypothesis has not been confirmed with substantial evidence based data.
In a study with CT osteoabsorptiometry, Trouillier et al. [62] reported morphological findings following TDR with SB Charité (Depuy Spine, Raynham, MA, USA). The authors suggested that there was not only an absence of facet joint degeneration but also possibly a reversal of an already existing facet osteoarthritis which was referred to as ''improved segmental kinematics and restored intervertebral disc space height with consecutive unloading of the facet joints''. Conversely, however, Shim et al. [56] in a recent retrospective comparative study between ProDisc and Charité reported a high progression rate of facet joint osteoarthritis for both types of prosthesis in 32-36.4% of all patients. According to the authors, this high incidence of facet degeneration after an average FU of only 38-41 months seemed to be too short to be explained by the natural course of degeneration. Other study group's findings have similarly tempered the initial enthusiasm [51, 52, 64] . An increasing number of radiographic and biomechanical studies are suggesting that TDR interferes with the highly sensitive biomechanics of the spine. The authors have predominantly focused on problems associated with the lumbar facet joints.
Biomechanical studies
A variety of studies have carefully analyzed the biomechanical properties and motion characteristics of different artificial disc-design prosthesis [12, 13, 16, 17, 22, 24, 25, 36, 47, 50, 53, 54] . Reported problems associated with TDR include excessive ligament torsions, increased facet pressures, a high risk of instability at the index and adjacent level, up to 2.59 increased load on posterior structures and altered load patterns with sudden rather than gradual load increase in the facet joints [17, 39] . Furthermore, it has been shown that TDR with Charité III did not restore the physiological segmental rotational stability with additive destabilising effects for multilevel versus monosegmental TDRs [13, 47] .
Radiological studies
Similarly, Sariali et al. [55] revealed normal values for axial rotation when TDR was performed monosegmentally at L4/5, whereas abnormally increased mobility was found in 50% of cases following bisegmental TDR at L4/5/S1 in comparison to results reported for healthy volunteers. Despite motion preservation in the majority of cases, a variety of recently published studies have reported low flexion/extension ROM-values in a considerable number of cases with unknown consequences [28, 37, 59] . Furthermore, implant positioning and disc-/implant-height have been shown to influence and increase post-operative segmental lordosis which may ultimately lead to a subluxation of the facet joints (Fig. 3) [5, 41, 53] .
Clinical studies
Previous studies have mentioned isolated incidences of facet and/or iliosacral joint pain following TDR [14, 34, 38, 69] . In comparison to lumbar fusion procedures, however, no clinical study has systematically evaluated the impact of these biomechanical alterations on posterior joint structures and post-operative outcome.
The increasing number of disc replacement procedures being performed worldwide [60] therefore highlights the crucial importance of further failure-analysis studies and salvage treatment options following failed TDR.
Diagnostic challenges
To date, no pathognomonic non-invasive radiographic findings are available that would allow one to definitively identify possible pain sources. Imaging techiques such as MRI, CT or radionuclide bone scanning are unreliable in predicting symptomatic pain from posterior joint structures and physical examination has similarly been shown to be unreliable for diagnostic purposes [18] .
There is no or only conflicting evidence suggesting that fluoroscopically guided spine infiltrations can achieve any mid-or long-term improvement for the treatment of LBP [19, 44, 65] . Similarly, our results showed only a short term-improvement, whilst longer FU revealed recurrent symptoms and deteriorating results (Fig. 2a, b) .
However, their role for diagnostic purposes remains undisputable. A reproducible, near total pain relief after controlled injections into the facet/ISJ joints or their nerve supply is a widely accepted standard reference technique for diagnosis of symptomatic lumbar zygoapophyseal-or sacroiliac-joint pain, with both techniques believed to produce equivalent diagnostic results [18, 19, 29, 31, 40, [42] [43] [44] .
The clinical findings observed in this study closely correspond with the above-cited biomechanical and radiological investigations reported by a variety of independent study groups. We observed satisfactory results following TDR in 81.8% of all patients at an average FU of 29.3 months in a highly selected patient population. However, 33.1% (n = 58) of all patients required intensified post-operative pain management, which included fluoroscopically guided spine infiltrations throughout their post-operative course. A potential for recovery was seen in approximately half of these patients, whereas 18.1% reported persisting complaints at the last FU-examination. We were able to identify the facet and/or iliosacral joints as the source of post-operative pain in a substantial number of patients (n = 41; 23.4%). Pain from both structures led to a significant deterioration of all outcome parameters (P \ 0.05). When comparing patients with facet joint pain to those with sacroiliac joint pain we found that all post-operative outcome parameters were inferior for patients with facet joint pain. However, statistical analysis did not reveal any significant difference between both groups (P [ 0.05).
It was further established that patients with an early onset of symptomatic facet and/or iliosacral joint pain (B6 months) in particular were at a high risk of developing persisting complaints and unsatisfactory results at later FUstages (P = 0.02).
This study indicates that the index-level is predominantly at risk following TDR. In the majority of patients with post-operative facet joint pain (n = 19/22, 86.4%) and in all patients with interspinous pain (''kissing spine'') the source of pain was located at the index level. However, patients with TDR performed at the lumbosacral junction stand an additional risk of inferior post-operative outcome due to a high incidence of sacroiliac joint problems.
This supports our findings that the level of disc replacement plays a significant role in post-operative outcome following TDR and demonstrates that the lumbosacral motion segment remains a weak and volatile link of the lumbar spine despite adaptation of motion preserving technology. Whilst best results and the lowest incidence of posterior joint pain (14.8%) was observed following TDR at L4/5, outcome parameters deteriorated and the incidence of posterior joint pain increased to 21.6 and 33.3% for TDR at L5/S1 and bisegmental TDR at L4/ 5/S1, respectively.
Potential problems associated with the sacroiliac joints have, to date, not been adressed adequately. In a radiographic study with 35 patients, LeHuec et al. [33] concluded that the Maverick prosthesis had enough freedom of motion to maintain the natural sagittal and spinopelvic balance needed to prevent potential undue stress on the muscles and the sacroiliac joints. However, this is the first study to demonstrate that the lumbar facet and sacroiliac joints are a similarly frequent cause of post-operative pain. The reasons for sacroiliac joint pain following TDR remain unknown. A variety of recently published studies have reported low ROM-values [28, 37, 59] . The pathomechanism of postoperative ISJ pain in these patients may therefore be similar to that of lumbosacral fusion procedures [29, 42, 43] . Other potential reasons could include abnormal motion patterns of the artificial implants as also described previously [50, 54] .
Future investigations should therefore include radiological studies with special emphasis on the quality and range of motion. Results obtained from such studies could be the crucial answer in the search for appropriate salvage procedures, which have become essential in light of the rapidly increasing market volume of lumbar disc replacement procedures [60] . Whilst patients with confirmed pain from the facet joints may benefit from minimally invasive techniques such as implantation of an interspinous spacer or posterior fusion, the adequate treatment for patients with persisting complaints from the sacroiliac joints remains yet to be established. Fusion of the lumbosacral junction, similarly associated with sacroiliac joint pain [29, 42, 43] may not be beneficial for these patients and could potentially aggravate symptoms.
Symptomatic complaints from the ISJs following TDR may therefore be a much more challenging entity to treat in comparison to post-operative facet joint pain. However, the small number of patients with re-operations in this study did not allow for any further investigation into the effectiveness of different types of re-operations with regards to the underlying pathology.
Future prospective randomized studies will have to demonstrate if TDR can actually reduce the incidence of post-operative posterior joint pain in comparison to lumbar fusion procedures. Moreover, upcoming morphological studies should evaluate whether the index-segment is compromised in an attempt to avoid adjacent segment degeneration.
Conclusion
Complaints originating from the facet or iliosacral joints were observed in a considerable number of patients following total lumbar disc replacement, which negatively influenced post-operative outcome. The sacroiliac joints and the lumbar facet joints were a similarly frequent cause of post-operative pain and the most common reason for an unsatisfactory result. Patients with an early onset of symptomatic pain (B6 months) in particular stand an increased risk of persisting complaints and unsatisfactory results at later FU-stages.
The level of TDR plays a significant role on postoperative outcome and the incidence of pain from posterior joint structures. Whilst the index-level is at risk at all levels, patients with TDR including the lumbosacral junction stand an additional increased risk of developing postoperative sacroiliac joint problems.
The incidence of posterior joint pain following TDR and the impact on post-operative outcome is currently underestimated. Due to a globally increasing number of TDRs, adequate salvage treatment options for patients with failed-disc-replacement procedures need to be established.
Whether lumbar disc replacement procedures will be able to reduce the incidence of posterior joint pain previously attributed to fusion procedures is presently unknown and will require longer FU and further investigation in prospective randomized controlled trials.
Future morphological studies will have to evaluate if the index-segment is compromised in an attempt to avoid adjacent segment degeneration.
